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Introduction {#ehf212692-sec-0004}
============

In the developed world, heart failure is a highly prevalent disease accompanied with a decreased life expectancy and a significant disease burden.[^1^](#ehf212692-bib-0001){ref-type="ref"}, [^2^](#ehf212692-bib-0002){ref-type="ref"} Hospital admissions are frequent and costly,[^3^](#ehf212692-bib-0003){ref-type="ref"}, [^4^](#ehf212692-bib-0004){ref-type="ref"} creating a heavy burden on hospital resources. Care delivery to heart failure patients is difficult because of the presence of various multimorbidities, social and functional impairments, non‐adherence, and suboptimal medical treatment.[^5^](#ehf212692-bib-0005){ref-type="ref"} Thus, improving care delivery to the multimorbid heart failure population may prevent unnecessary hospital admissions and death.[^5^](#ehf212692-bib-0005){ref-type="ref"}, [^6^](#ehf212692-bib-0006){ref-type="ref"}

Currently, heart failure patients in the Netherlands are mainly treated in outpatient cardiology clinics according to the European Society of Cardiology guidelines[^7^](#ehf212692-bib-0007){ref-type="ref"}; this creates problems with the accessibility of care for patients.[^8^](#ehf212692-bib-0008){ref-type="ref"} A proposed alternative to outpatient clinic follow‐up is case management at home where follow‐up is actively managed by a nurse practitioner or community physician through education, optimization of medication use, and organizing of financial and social support.[^9^](#ehf212692-bib-0009){ref-type="ref"} Recent studies have proven that enhancing care accessibility with case management results in a reduction of hospital admissions and mortality compared with outpatient clinic lead follow‐up.[^10^](#ehf212692-bib-0010){ref-type="ref"}, [^11^](#ehf212692-bib-0011){ref-type="ref"} Because both mortality and hospital admissions were less frequent, case management is expected to result in a longer healthy life in terms of quality‐adjusted life years (QALYs) and lower hospitalization costs.[^10^](#ehf212692-bib-0010){ref-type="ref"} Furthermore, case management was proven cost effective in various settings but not specifically for the Dutch population.[^12^](#ehf212692-bib-0012){ref-type="ref"}

The aim of this article was to compare outpatient cardiology clinic heart failure follow‐up care and case management at home with a medical decision analysis based on health state transition simulations (*Figure* [*1*](#ehf212692-fig-0001){ref-type="fig"}).[^13^](#ehf212692-bib-0013){ref-type="ref"}, [^14^](#ehf212692-bib-0014){ref-type="ref"} This approach has the benefit that it has lesser time and resource consumption than a randomized clinical trial of thousands of patients to prove the same concept. Furthermore, a decision analysis has the advantage that all facets of the clinical problem can be described clearly, the overall evidence from the literature can be used in the analysis, and the threshold values for determinants of costs and benefits of the two strategies can be calculated.

![Markov health state transition decision tree. Simulated patients with an index acute heart failure hospital admission are either assigned to outpatient cardiology clinic follow‐up or case management. Each of the terminal red triangles is a health state in which a patient resides to each time step in a health state utilities are attached; quality‐adjusted life years and costs. Each simulation step events can occur; hospital readmission, death, or in the case of hospitalized patients discharge. These events (transitions) have a certain probability of occurring through time. NYHA, New York Heart Association functional classification.](EHF2-7-1136-g001){#ehf212692-fig-0001}

Methods {#ehf212692-sec-0005}
=======

The model {#ehf212692-sec-0006}
---------

A health state transition (Markov) model[^13^](#ehf212692-bib-0013){ref-type="ref"}, [^14^](#ehf212692-bib-0014){ref-type="ref"} was written with four health states: 'New York Health Association (NYHA) functional classification I or II',[^15^](#ehf212692-bib-0015){ref-type="ref"} 'NYHA class III or IV',[^15^](#ehf212692-bib-0015){ref-type="ref"} 'Dead', and 'Hospitalized'. The model used time steps of 1 month; all transition probabilities were transformed to monthly transition probabilities assuming constant independent events.[^16^](#ehf212692-bib-0016){ref-type="ref"} For each health state, the associated costs and the value of QALYs were determined from financial data from single‐centre cohort data and literature, respectively. One‐month time steps were repeated 60 times to reflect a follow‐up time of 5 years. Two virtual starting cohorts, one control and one intervention of 100 000 patients each, starting in the hospitalized state and none in the other states. Discounting of costs and QALYs was performed at a 4% and 1.5% annual rate, respectively, in accordance with the current Dutch guidelines.[^17^](#ehf212692-bib-0017){ref-type="ref"} Costs were indexed with an annual inflation rate of 2.9%.[^18^](#ehf212692-bib-0018){ref-type="ref"}

Data sources {#ehf212692-sec-0007}
------------

All patients admitted for at least 24 h with the diagnosis 'acute heart failure' between 1 January 2013 and 31 December 2015 at the cardiology ward of the Noordwest Ziekenhuisgroep (NWZ) Alkmaar were included for analysis. The first admission between 1 January 2013 and 31 December 2015 was used as index admission, and patients were followed retrospectively for 1 year to identify the probability of at least one hospital readmission and mortality. Exclusion was performed when patients actively denied access to their medical reports, were discharged within 24 h, or discharged to another general hospital. Approval for patient data use was provided by the Committee for Retrospective Research in the NWZ Alkmaar in accordance with the Declaration of Helsinki.

PubMed searches were performed to retrieve non‐available and validate available model parameters from the cohort data. Three searches were performed to assess the treatment effect of case management, QALYs per NYHA class, and hospital readmission rate per NYHA class. Restrictions for the search aimed first on finding reviews and meta‐analyses; if no sufficient articles were found, clinical trials were considered. Terms used for the search were related to the population (heart failure patients), intervention arm (case management), control arm (outpatient clinic follow‐up), outcome (mortality or hospital admission), NYHA class, and QALYs. Full information on all terms and restrictions used are available in Appendix A in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}.

Transition probabilities {#ehf212692-sec-0008}
------------------------

The majority of the baseline control arm transition probabilities was retrieved from cohort data. It was assumed that after discharge, there is a net zero effect of NYHA change; decay and improvement of NYHA class in the discharged patients sum up to 0. Appendix B in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"} provides a full overview of transition probability computations and retrieval. All included patients were used to assess discharge allocation and in hospital mortality during and after the index admission. The 'discharged home‐percentage', fraction of patients discharged to their home, was defined as patients who are discharged with NYHA class I or II. The 'percentage‐discharged‐to‐another‐care‐facility' (fraction of patients who are discharged to another care facility) was used to define the health state 'NYHA class III or IV'. It was assumed that the initial hospital admission and readmissions last 1 month (one turn in the Markov model). The definition of case management from Krumholz *et al*. was used to identify studies with a search where case management was provided by either a general practitioner or specialized nurse.[^9^](#ehf212692-bib-0009){ref-type="ref"} Relative risks (RRs) from the search were used to calculate the probability of hospital readmission and mortality for the case‐managed group from observed probabilities in the NWZ cohort.

Costs and quality adjusted life years related to the health states {#ehf212692-sec-0009}
------------------------------------------------------------------

The utility values for QALYs in the health states were retrieved from articles found with a PubMed search ([Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}, Appendix A). Only articles that included QALY values between and including 0 and 1 were considered. A weighed average QALY was taken with respect to the total participants of the study to create estimates per NYHA class. It was assumed that the QALY value in the Markov state 'hospitalized' was equal to the value of the state 'NYHA class III or IV'; death was defined as zero QALYs.

Quantities of health care activities were retrieved from the financial administration department and multiplied with available pricing sources from the Nederlandse Zorg Autoriteit (Dutch Healthcare Authority), institute for Medical Technological Assessment, and other public sources to retrieve costs related to hospital admission and outpatient clinic follow‐up.[^19^](#ehf212692-bib-0019){ref-type="ref"}, [^20^](#ehf212692-bib-0020){ref-type="ref"}, [^21^](#ehf212692-bib-0021){ref-type="ref"} Costs related to case management were computed from quantities of health care activities available in the studies found and institute for Medical Technological Assessment cost estimates.[^20^](#ehf212692-bib-0020){ref-type="ref"} Yearly QALYs and costs were divided by 12 to retrieve monthly rates; the inflation rate was used to retrieve costs in the reference year 2020. Appendix C in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"} contains all the QALY and cost calculations.

Outcome measures and sensitivity analysis {#ehf212692-sec-0010}
-----------------------------------------

The primary outcome parameters were the differences in costs and QALYs between the intervention and control group (); these differences were used to compute net monetary benefit , where *λ* refers to willingness to pay (WTP) for one QALY\].[^17^](#ehf212692-bib-0017){ref-type="ref"} Secondary endpoints were hospital readmission rate, survival time, and time in various health states. Outcomes were presented as median with a range (the 5th and 95th percentile) and reflect the 5‐year (60 simulation turns) period of the model. Results were first presented with the use of baseline; subsequently, sensitivity analyses are performed to handle parameter uncertainty. A deterministic one‐way sensitivity analysis was performed to assess the effect of a 10--50% increase or decrease of one parameter, keeping all others fixed. Two probabilistic sensitivity analyses (PSAs) were performed: the first using random values between minima and maxima (uniform distributed) found in the literature search and the second using the most plausible distribution for the parameters estimated from available data. In the sensitivity analyses, the price of a QALY was set at a value of €50 000[^22^](#ehf212692-bib-0022){ref-type="ref"}; based on the PSA‐simulated cohort data, a cost/effectiveness--acceptability curve was constructed to assess costs and effectiveness for varying levels of WTP per QALY. Programming and calculations were performed in Excel 2010 and Python 3.6. Code was made available at <https://github.com/henkvanvoorst92/CostEffectiveness>.

Results {#ehf212692-sec-0011}
=======

Cohort and search results {#ehf212692-sec-0012}
-------------------------

Descriptive results, probabilities of events, and costs for the NWZ cohort are depicted in *Table* [*1*](#ehf212692-tbl-0001){ref-type="table"}. A total of 949 articles were reviewed, and 21 articles were used for model parameter estimation and validation. The three searches that were conducted and exclusion rates are depicted in *Figure* [*2*](#ehf212692-fig-0002){ref-type="fig"}. Five studies included pooled RR estimates for hospital readmission and mortality where case management was compared with (usual) outpatient cardiology clinic follow‐up; the study from Takeda *et al*. was chosen to represent the treatment effect as it was of superior quality.[^10^](#ehf212692-bib-0010){ref-type="ref"} At 12 months follow‐up, an RR of 0.64 (95% confidence interval: 0.53--0.78) for hospital readmission and 0.78 (95% confidence interval: 0.68--0.90) for mortality were found[^10^](#ehf212692-bib-0010){ref-type="ref"}; other studies revealed similar estimates ([Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}, Table B.1.). A total of 13 clinical trials were found that included hospital readmission rates per NYHA class. The hospital readmission rates found in the studies for 'NYHA class I or II' were between 16.24% at 40 months and 45% at 12 months follow‐up (monthly rates: 0.44--4.86%), and for 'NYHA class III or IV', between 18.50% at 57 months and 89.0% at 12 months follow‐up (monthly rates: 0.36--16.80%). Table B.3. in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"} contains a full overview of these data for all articles.

###### 

Cohort data. Number of events and corresponding probabilities observed in the cohort

  Cohort data                                                                                                                  
  ---------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------
  Number of patients                                                                                                                                         1114
  Number of heart failure hospital admissions in 1 year                                                                                                      1426
  Median duration of hospital admission in days                                                                                                           6 (0--71)
  Median age in years (p5--p95)                                                                                                                       78.8 (21.0; 100.0)
  Discharged home number of events (probability)                                                                                                         948 (0.851)
  Discharged to other care facility number of events (probability)                                                                                        78 (0.070)
  Deaths during index admission number of events (probability)                                                                                            88 (0.079)
  Recurrent admission in year after discharged home number of events (probability)[^a^](#ehf212692-note-0005){ref-type="fn"}                             185 (0.0179)
  Death in year after discharged home number of events (probability)                                                                                     217 (0.0214)
  Recurrent admission in year after discharged to other care facility[^a^](#ehf212692-note-0005){ref-type="fn"}                     11 (0.0126)[^b^](#ehf212692-note-0006){ref-type="fn"}
  Death in year after discharged to other care facility                                                                                                  31 (0.0413)
  Costs outpatient clinic care(€/month; min--max)                                                                                                        36 (13--177)
  Costs case management only (€/month, min--max)                                                                                                         36 (10--125)
  Costs hospital admission (€/admission, min--max)                                                                              3,795 (1956; 18 146)[^c^](#ehf212692-note-0007){ref-type="fn"}

One or more recurrent hospital admissions after discharge.

An alternative literature estimate was used for this probability.

The second highest maximum value was used (€5600) because the depicted maximum was an outlier; values were rounded to hundreds.

![Search results. Three searches were conducted; search terms presented refer to a group of search terms available in Table A1 in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}. A search was conducted to estimate treatment effect (A), hospital admission rate by New York Heart Association (NYHA) (B), and quality‐adjusted life years coupled to units of time in NYHA classes (C).](EHF2-7-1136-g002){#ehf212692-fig-0002}

In the QALY literature search, four articles were selected that represented the utility values per NYHA class.[^23^](#ehf212692-bib-0023){ref-type="ref"}, [^24^](#ehf212692-bib-0024){ref-type="ref"}, [^25^](#ehf212692-bib-0025){ref-type="ref"}, [^26^](#ehf212692-bib-0026){ref-type="ref"} The weighted average QALY values per year were 0.79 in NYHA class I, 0.73 in NYHA class II, 0.61 in NYHA class III, and 0.47 in NYHA class IV ([Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}, Table C.5.). This resulted in a QALY value for Markov state 'NYHA class I or II' of 0.76, Markov state 'NYHA class III or IV' of 0.54, and a QALY value of 0.54 in the Markov state 'hospital'. Appendix D in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"} contains a full overview of all input parameters used for different simulations.

Baseline simulation outcome and one‐way deterministic sensitivity analysis {#ehf212692-sec-0013}
--------------------------------------------------------------------------

Baseline simulations resulted in an NMB of €13 428 (NMB was computed based on unrounded QALYs); this is mainly due to a difference in QALYs (intervention; control: 2.05; 1.79) because the difference in costs was small (intervention; control: €2972; €3354). *Table* [*2*](#ehf212692-tbl-0002){ref-type="table"} depicts baseline and PSA results. To assess the importance of separate model parameters, one‐way sensitivity analyses were performed. *Figure* [*3*](#ehf212692-fig-0003){ref-type="fig"} depicts the top 10 model parameters ordered based on the largest effect of 10% change (results for 20%, 30%, and 50% changes are available in Table E.1. in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}. Tornado diagrams of costs and QALYs are in Figures E.2. and E.3. in the [Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}. NMB was most affected by factors influencing the QALYs over the simulation period; RR of all‐cause mortality (NMB −10%; +10%: €17 962; €9097), QALY in 'NYHA class I or II' (NMB −10%; +10%: €12 157; €14 700), and RR of heart failure hospital readmission (−10%; +10%: €13 795; €13 059) affected NMB the most. Cost differences between the intervention and control groups were most affected by RR of heart failure hospital readmission (−10%; +10%: −€538; −€223), RR of all‐cause mortality (−10%; +10%: −€245; −€512), and cost of case management in 'NYHA class I or II' (−10%; +10%: −€515; −€248).

###### 

Results of baseline simulation and probabilistic sensitivity analyses

                             Baseline    Uniform distributed     Most plausible distributed                                          
  ------------------------- ---------- ------------------------ ---------------------------- ------------------- ------------------- -------------------
  Costs (€)                    2972              3354                5718 (2448; 8837)        7911 (3664; 1870)   2788 (1128; 5933)   3221 (1361; 6371)
  QALY                         2.05              1.79                2.46 (2.20; 2.72)        2.26 (2.01; 2.49)   2.08 (1.74; 2.41)   1.82 (1.52; 2.13)
  Survival (months)            34.1              29.7                40.5 (37.4; 43.4)        37.1 (33.9; 39.7)   34.7 (29.1; 40.2)   30.3 (25.2; 35.4)
  NYHA I or II (months)        31.9              27.7                38.1 (34.2; 41.6)        35.0 (30.8; 38.3)   32.1 (26.7; 37.6)   27.9 (23.2; 33.0)
  NYHA III or IV (months)      1.9               1.5                   1.7 (0.8; 3.5)          1.1 (0.4; 2.9)      2.1 (1.0; 3.8)      1.6 (0.9; 3.1)
  Hospital admissions (n)      0.4               0.5                   0.6 (0.2; 1.1)          1.0 (0.3; 1.6)      0.4 (0.2; 0.6)      0.5 (0.3; 0.8)
  NMB (€)                     13,428    12,295 (1,491; 24,117)    14,049 (−9,277; 35,299)                                            
  Cost effective (%)            ‐                96.2                       83.3                                                     

NMB, net monetary benefit; NYHA, New York Heart Association; QALY, quality adjusted life year.

All numbers represent per patient values. Net monetary benefit was computed with unrounded quality adjusted life years; thus, differences may occur when recomputing. Results are depicted as median and a range of the 5th--95th percentiles between brackets.

![Net monetary benefit tornado. The effect of a 10% increase (orange) or decrease (blue) of each of the variables on the net monetary benefit \[NMB, with €50 000 as willingness to pay per quality adjusted life year (QALY)\] is depicted. Variables of the model are ordered from top to bottom in the tornado according to the most and least effect on NMB due to a 10% increase or decrease. Transition between health states is depicted as the two Markov states with a '‐'in between the states. New York Heart Association (NYHA) functional classification. The middle line represents the NMB found after baseline simulation (€13 428).](EHF2-7-1136-g003){#ehf212692-fig-0003}

Multiway probabilistic sensitivity analysis {#ehf212692-sec-0014}
-------------------------------------------

Results from PSAs for both the uniform and most plausible distributed parameters are presented in *Table* [*2*](#ehf212692-tbl-0002){ref-type="table"}. Case management was cost effective (NMB \> 0) in 96.2% and 83.3% of the simulated cohorts when uniform and most plausible distributions were used for PSA. QALYs appear to affect the NMB most; QALYs had a median difference between the intervention and control arms of 0.200 (p5--p95: 0.041; 0.378) and 0.271 (p5--p95: −0.190; 0.696) in the uniform and most plausible distributed PSA, respectively. Costs on the other hand had only a median difference of −€2169 (p5--p95: −€7154; €2965) and −€439 (p5--p95: --€3996; €3076) in the uniform and most plausible distributed PSA. The cost differences correspond to a reduction in cost of 27.4% and 13.6% for the most uniform and most plausible distributed PSA. Differences in results between the uniform and most plausible distributed PSA were mainly due to the different mortality rates used ([Supporting Information](#ehf212692-supitem-0001){ref-type="supplementary-material"}, Table D.1.) that resulted in a corresponding median months survival of 3.5 (p5--p95: 1.0; 5.8) and 4.5 (p5--p95: −3.1; 11.6). To assess the effect of a change in WTP per QALY, a cost‐effectiveness acceptability curve was constructed; furthermore, the PSA results are depicted (*Figures* [*4*](#ehf212692-fig-0004){ref-type="fig"}).

![Cost‐effectiveness acceptability curve. For the uniform and most plausible distribution probabilistic sensitivity analyses the % of simulated cohorts that were cost‐effective for different willingess to pay per QALY thresholds was depicted.](EHF2-7-1136-g004){#ehf212692-fig-0004}

Discussion {#ehf212692-sec-0015}
==========

Case management relative to outpatient cardiology clinic follow‐up resulted in an NMB of €13 428 over a 5‐year follow‐up period when considering baseline parameters used of a cohort of Dutch heart failure patients. PSA revealed, however, that there is a high degree of uncertainty regarding the NMB; NMB was cost effective in 83.3% of the simulations when most plausible distributions were used. Different levels of WTP per QALY also did not alter the percentage of simulations that was cost effective above a WTP of €20 000. Although the median differences in QALYs and costs were favourable for the case management group, the wide distribution of the differences did not show that case management was strictly superior to outpatient cardiology clinic follow‐up. The one‐way deterministic sensitivity analyses revealed that the costs and QALYs related to NYHA class I or II, transition probabilities from NYHA class I or II, and related RR\'s were the major cause of deviations in the primary outcomes. This effect is mainly caused by the large percentage discharged home (85.1%; assumed to be in NYHA class I or II) after the index hospital admission. As a result, the effects from patients discharged to another care facility (NYHA class III or IV) were limited.

When simulations were performed based on a uniform distribution, estimated with minimum and maximum values from the literature, NMB was lower (€12 295) as a result of a lower mortality rate found in the literature compared with cohort data. Part of the difference in mortality rate can be explained by a higher age in the presented cohort (median: 78.8; p5--p95: 21; 100) compared with the age of patients in the mortality estimation study by Pocock *et al*. (alive age: mean 64.3, SD 11.8; and death age: mean 71.9, SD 10.9).[^27^](#ehf212692-bib-0027){ref-type="ref"} Another explanation of the higher mortality rate in the cohort data is that a large group of severely ill patients was 'discharged home'. Unfortunately, no data were available to verify this statement. In contrast to mortality rates, hospital admissions rates for 'NYHA class I or II' used in this study were comparable with rates in the literature. Cost‐effectiveness results from the most plausible distributed PSA should thus be seen as a specific for a real‐world Dutch patient population, while the uniform distributed PSAs are specific for a patient population that is included in clinical trials.

Results from this study were in line with the results of the WHICH study[^12^](#ehf212692-bib-0012){ref-type="ref"}; at 3.2‐year median follow‐up, home‐based intervention was found to be superior to clinic‐based intervention and resulted in a gain of 0.26 QALYs and a 27% decrease in costs with an NMB of 24 342 Australian dollars. Whereas the difference in QALYs was remarkably similar, in the WHICH trial, a larger, more statistically robust cost reduction was found compared with our study. The likely cause of this effects is from the exclusion of various health care costs such as non‐hospital institutionalized costs for severely ill (NYHA class III or IV) patients that are fully dependent on care. Previous studies have shown that non‐hospital institutionalized care might have severe impact on the costs.[^28^](#ehf212692-bib-0028){ref-type="ref"} Furthermore, a lower age of patients included in the WHICH study might also have altered the results. The difference in NMB between our study and the WHICH trial was also leveraged by different levels of WTP that were used: 70 000 Australian dollars per QALY as compared with €50 000 in this study.

Because an assumption was made with respect the absence of NYHA decay or improvement, an adequate study to assess the impact of functional class changes in time must be performed in the future to enhance cost‐effectiveness models. As all other transition probabilities were derived from long‐term event data, this results in an implicit constant proportional mortality and rehospitalization rate assumption. Although this assumption might not be representative for the first month after hospital admission, in the long term, constant proportional hazard rates seem a more realistic assumption.[^29^](#ehf212692-bib-0029){ref-type="ref"} The effect of case management follow‐up relative to usual care was based on studies with a relatively short period (12 months) of follow‐up[^10^](#ehf212692-bib-0010){ref-type="ref"}, [^11^](#ehf212692-bib-0011){ref-type="ref"}; it remains uncertain whether these short‐term effects may be extrapolated to a longer period of time. Ideally, additional trials are performed that verify this assumption with respect to treatment effect and other transition probabilities. Data on the variance of treatment effect for various patient profiles were also lacking and should be assessed in future research.

Cost were estimated with a top‐down approach by using aggregated data from the financial department, public cost sources, and pooled data from Takeda *et al*.[^10^](#ehf212692-bib-0010){ref-type="ref"} These estimates do not represent individual patient costs and only include hospital and follow‐up costs and add an assumption of equal patients in different NYHA classes. A bottom‐up cost estimation, including patient‐specific data, should be conducted to verify non‐hospital costs during follow‐up.[^17^](#ehf212692-bib-0017){ref-type="ref"}

For the extrapolation of this study results to daily practice, patients should have similar hospital readmission and mortality rates. Also, the treatment effect of care in the case‐management setting compared with the outpatient cardiology clinic follow‐up should be similar to the one used in the present study. This is not automatically the case and should be carefully guarded with training of the health care workers and quality assessment of the delivered care. Furthermore, the components of case management that cause a reduction of hospital admissions and death remain unclear. Because proper medication treatment is crucial for preventing hospital admissions and death, part of the treatment effect of case management is likely due to improved medical use. Thus, if medication use, or other components of case management, could be enhanced in the outpatient cardiology clinic, the treatment effect and cost effectiveness of case management as an alternative deteriorates.

Parameters with respect to heart failure aetiology, clinical, and physiological status were not considered in this study; as a result, heterogeneity might exist in the effectiveness and outcomes of these patients when case management is implemented. Subgroup analyses are necessary to identify the groups of patients that benefit most and least from the intervention.

Fine tuning of the decision analysis requires (i) cost data of individual patients with heart failure, (ii) time‐dependent probabilities of events derived from real‐world patient data, and (iii) long‐term treatment effects of case management compared with outpatient cardiology clinic follow‐up for subgroups of heart failure patients. The effects of this intervention for specific subgroups also remains unclear. Further improvement of evidence can be achieved with a randomized clinical trial.

Conclusions {#ehf212692-sec-0016}
===========

Case management compared with outpatient cardiology clinic follow‐up for a real‐world cohort of Dutch heart failure patients appeared to have a tendency towards reducing costs and increasing QALYs and was cost effective in 83.3% of the simulations when performing PSAs. In order to generalize the presented findings in this study to common practice, additional evidence is required on the effect of case management and probabilities of death and hospital admission after 12 months follow‐up. Furthermore, more accurate estimates of non‐hospital costs are required.
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